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structural dynamics of the binding sites in mitochondrial and
bacterial c-rings appears to be largely identical.
It is believed that ions traversing the membrane sector of the ATP
synthase do so at the small contact interface between the c-ring rotor
and subunit-a, of the stator subcomplex. Interestingly, accessibility
assays have shown that this interface is signiﬁcantly hydrated – in
contrast to the hydrophobicity of the membrane. We have previously
shown, using molecular simulations, that as the c-ring rotates against
the stator, and the c-subunits face subunit-a, this hydrophilic
environment enhances the opening of the proton-binding sites and
enables their reversible (de)protonation. The open-state captured in
the yeast c10-ring structure, induced solely by the hydrophilic nature
of the crystallization buffer, conﬁrms that mechanistic principle.
Finally, we discuss the mode of proton coordination in the closed
state of the binding site – and speciﬁcally whether water molecules
are involved.
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TMEM70 protein is a novel ancillary factor of mammalian F1FO-
ATP synthase (complex V). Mutations in TMEM70 result in severe
mitochondrial disorder characterized by neonatal onset of hypotony,
hypertrophic cardiomyopathy, lactic acidosis, 3-methylglutaconic
aciduria and hyperammonemia. On the cellular level TMEM70
protein deﬁciency leads to selective decrease of the complex V
amount and a profound loss of synthetic and hydrolytic activities
(b30% of controls). The aims of the present study were to analyse
impact of mutation in TMEM70 gene on the steady-state levels of
OXPHOS complexes, their enzymatic activities and mitochondrial
ultrastructure in ﬁbroblasts and available bioptic/autoptic tissues and
determine gene expressions and protein levels of TMEM70/TMEM70
in control tissues.
The level of TMEM70/TMEM70 was the highest in liver mitochon-
dria and on the other hand the lowest level was in heart
mitochondria. In isolated ﬁbroblasts mitochondria, spectrophotomet-
ric measerument of activities of respiratory chain complexes revealed
a marked increase in complex II, III and IV activities. Furthermore,
SDS-PAGE demonstrated mild increase in the amount of complex IV
and complex II subunits. Tissue patient speciﬁc changes in the steady-
state levels of respiratory-chain complexes were observed in
mitochondria isolated from bioptic/autoptic tissues separated by
BN-PAGE. In muscle mitochondria, mild increase in the amount of
complex IV was apparent. In liver mitochondria, an increase in the
steady-state levels of complex II and complex IV was moderate.
Mitochondrial ultrastructure was altered in all analyzed tissues. In
cultured skin ﬁbroblasts, heterogeneous mixture of mainly abnormal,
partially swollen mitochondria with unusual and sparse cristae was
present. In autoptic tissue samples, the ultrastructural analysis
revealed multiplication of mitochondria. Several mitochondria had
concentric cristae („onion-ring“ like morphology) but it was not the
prevalent ultrastructural abnormality. In conclusion isolated F1FO-ATP
synthase deﬁciency due to TMEM70 mutation results in compen-
satory increase of steady-state levels of several respiratory chain
complexes which is most prominent in ﬁbroblast mitochondria.
Electron-microscopic analyses did not reveal presence of any alteration
that is speciﬁc for complex V deﬁciency due to TMEM70 mutation.
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The mechanism of the F1Fo-ATP synthase couples the downhill
membrane translocation of H+ or Na+ to the rotation of an oligomeric
ring of c-subunits (c-ring) in the Fo motor. The torque is transduced
into the F1 motor, which causes sequential conformational changes in
the catalytic centers, ﬁnally resulting in the generation of ATP. The
design of the c-ring rotor contributes to the efﬁcient translocation of
the ions through the membrane during enzyme operation, provided
that ion binding site of the rotor c-ring is appropriately selective.
Previously we have proposed that H+ selectivity is most likely a
robust property of all Fo rotors, arising from the prominent presence
of a conserved carboxylic acid and its intrinsic chemical propensity
for protonation, however, the ability of Fo rotors to exhibit Na+
coupling, under physiological conditions, relies on the presence of a
sufﬁcient number of suitable ion coordinating ligands. In this study
we set out to establish the structural and energetic basis for the Na+
vs. H+ ion-binding selectivity of the Fo rotor ring from Ilyobacter
tartaricus. By a site-directed mutagenesis approach we intend to
modify the network of Na+ coordinating side-chains of the c11 ring in
the way that these ligands accomplish a shift in the relative binding
afﬁnity from Na+ towards H+. We have heteorologously produced a
set of I. tartaricus c-ring mutants with substitutions of the critical
residues at the ion-binding site. To probe the differential ion-binding
properties of these mutants we measured the extent of
dicyclohexylcarbodiimide (DCCD) labeling of the mutant c-rings in
response to different pH and salt concentrations. Further, we also
analyzed real-time ATP synthesis rates of the corresponding mutant
ATP synthases at various ion motive forces. To assess the structural
changes at the binding sites, the c-ring mutants with strong H+
speciﬁcity undergo crystallization and subsequent 3D structural
analysis by means of X-ray diffraction. Our results suggest that the
inherent Na+ selectivity of c11 ring can be adjusted by speciﬁc point
mutations in the c-subunit in the way that the selectivity of the
binding site, under physiologically relevant conditions, is drastically
enhanced for H+ against Na+. The structural plasticity of the binding
site provides us with the exciting possibility to tune the ion speciﬁcity
of the ATP synthase on demand.
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